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(57) Abstract: The invention relates to a method for treatment of a gas flow, comprising: guiding the gas flow through a gas treat- 
ment unit (18) adapted for filtering particles in said gas flow, and eliminating said particles in said gas treatment unit (18). The 
invention is characterized in that it comprises filtering particles in said gas flow by means of accumulating said particles in, or in 
connection with, a number of ducts (21) forming part of the gas treatment unit (21) during passage of the gas flow through the gas 
treatment unit (18), controlling the temperature of said gas flow along said ducts (21) to a value which provides combustion of said 
particles, and eliminating said filtered particles in said gas treatment unit (18) by means of combustion in said ducts (21). The in- 
vention also relates to device for accomplishing said method. By means of the invention, an improved treatment of a gas flow is 
provided, in particular in connection with exhaust gas purification in a diesel engine, for eliminating particles in its exhaust gases. 
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15. The air purification system as recited in claim 1 wherein the air purification 
system is at room temperature. 
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Procedure and device for treatment of a gas flow 
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TECHNICAL FIELD: 

The present invention relates to a method for treatment 
of a gas flow, comprising guiding the gas flow through a 
gas treatment unit adapted for filtering particles in 

10 said gas flow, and eliminating said particles in said gas 
treatment unit. The invention is particularly intended to 
be used for separating and eliminating particles in the 
exhaust gases from a combustion engine. The invention 
also relates to a device for accomplishing such a 

15 treatment of a gas flow. 

BACKGROUND OF THE INVENTION: 

In the field of vehicles which are operated by combustion 
engines, there is a general demand for low emissions of 

20 harmful substances in the exhaust gases from the engine. 
Said substances are primarily constituted by pollutants 
in the form of oxides of nitrogen (NO :c ) , hydrocarbon 
compounds (HC) , and carbon monoxide (CO) . As regards 
petrol engines, the exhaust gases are normally purified 

25 by means of an exhaust catalyst which forms part of the 
exhaust system and through which the exhaust gases are 
guided. In a so-called three-way catalyst, which is 
previously known, the major part of the above-mentioned 
harmful compounds is eliminated by, means of known 

30 catalytic reactions. In order to optimise the function of 
the catalyst so that it provides an optimal degree of 
purification for N0 a , HC, and CO, the engine is in most 
operating conditions operated by a stoichiometric 
air/fuel mixture, i.e. a mixture where 31=1. 



Furthermore, in the field of vehicles which are operated 
by means of a combustion engine, there is a demand for 
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EXPRESS MAIL NO. EL 923717567 US 60246-219 
16. An air purification system comprising: 

a container having an inlet and an outlet; 

a porous substrate inside said container; 

a device for drawing a fluid into said container through said inlet, flowing said 
fluid through said porous substrate, and expelling said fluid out of said container through 
said outlet; 

a manganese oxide/titanium dioxide catalytic coating applied on said substrate, 
said manganese oxide/titanium dioxide coating including manganese oxide on titanium 
dioxide, and said manganese oxide lowers an energy barrier for decomposition of ozone 
to oxygen; and 

an ultraviolet light source to activate said catalytic coating, and photons from said 
ultraviolet light source are absorbed by said manganese oxide/titanium dioxide catalytic 
coating to form a reactive hydroxyl radical, and said reactive hydroxyl radical oxidizes 
contaminants in said fluid that are adsorbed onto said manganese oxide/titanium dioxide 
catalytic coating when activated by said light ultraviolet light source to water and carbon 
dioxide in the presence of water and oxygen. 
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low emissions of harmful emissions in the form of solid 
particles, primarily in the form of carbon particles, in 
the engine exhaust gases. This demand is for example 
valid in connection with diesel engines. In order to 
5 eliminate such particles, it is previously known to 
utilize various types of carbon filters. For example, 
ceramic filters are utilized today which are constructed 
with a porous wall structure by means of which particles 
in the exhaust gases can be deposited in the pores of the 
10 wall structure. 

One disadvantage as regards a ceramic filter is that it 
must be regenerated at regular intervals, i.e. the 
particles which have been accumulated in the filter must 

15 be removed from the wall structure after some time of 
use. In this case, the regeneration suitably takes place 
by means of combustion of the particles at a certain 
increased temperature, normally 400-500° C, which for 
example can be obtained by means of a special electric 

20 heater. After this measure, the filter can once again be 
utilized for accumulating particles. 

One particular type of particle filter is the so-called 
"city filter", by means of which the necessary 

>5 temperature can be obtained so that said combustion of 
particles can take place. Although this type of filter in 
principle functions satisfactorily, it has certain 
disadvantages, e.g. that it on account of its 
construction discloses a comparatively high fall of 

10 pressure. Furthermore, it has a comparatively low 
filtration capacity by means of the fact that it is based 
on surface filtration along a comparatively small 
surface. Furthermore, the pressure loss over such a 
filter increases over the years, which is due to the fact 

5 that ashes gradually obstruct the filter. In addition, 
carbon can be accumulated during operation at low 
temperatures. When the vehicle subsequently increases the 
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EXPRESS MAIL NO. EL 923717567 US 60246-219 
17. A method of purifying air comprising the steps of: 

applying a manganese oxide/titanium dioxide catalytic coating applied on a 
substrate, said manganese oxide/titanium dioxide coating including manganese oxide on 
titanium dioxide; 

activating said manganese oxide/titanium dioxide catalytic coating; 

forming a reactive hydroxyl radical; 

adsorbing contaminants onto said manganese oxide/titanium dioxide catalytic 
coating; 

oxidizing said contaminants with said hydroxyl radical; 

lowering an energy barrier of decomposition of ozone with said manganese oxide 
of said manganese oxide/titanium dioxide catalytic coating; and 
then decomposing said ozone to oxygen. 
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load, spontaneous ignition may occur, wherein there is a 
risk of the filter being damaged permanently. 

There are also other types of filters which are based on 
the fact that particles are- gradually accumulated in a 
filter unit, which in that case is replaced after some 
time of use. 

SUMMARY OF THE INVENTION: 

The object of the present invention is to provide an 
improved treatment of a gas flow, in particular during 
exhaust gas purification in the form of particle 
filtration in connection with a combustion engine, by 
means of which the above-mentioned problems are solved in 
an effective manner. This is accomplished by means of a 
method as initially mentioned, the characterizing 
features of which will be apparent from appended claim 1. 
The object is also accomplished by means of a device as 
initially mentioned, the characterizing features of which 
will be apparent from appended claim 12. 



The method according to the invention comprises guiding 
the gas flow through a gas treatment unit adapted for 
filtering particles in said gas flow, and eliminating 
said particles in said gas treatment unit. The invention 
is characterized in that it comprises filtering particles 
in said gas flow by accumulating said particles in, or in 
connection with, a number of ducts forming part of the 
gas treatment unit during passage of the gas flow through 
the gas treatment unit, controlling the temperature of 
said gas flow along said ducts to a value which provides 
combustion of said particles, and eliminating said 
filtered particles in said gas treatment unit by means of 
combustion in said ducts. The invention also relates to 
device for accomplishing such a treatment of a gas flow. 
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ABSTRACT OF THE DISCLOSURE 



A manganese oxide/titanium dioxide photocatalytic/thermocatalytic coating 
simultaneously oxidizes volatile organic compounds and decomposes ozone that adsorb 
onto the coating into water, carbon dioxide, and other substances. The manganese oxide 
is nano-sized. When photons of the ultraviolet light are absorbed by the manganese 
oxide/titanium dioxide coating, reactive hydroxyl radicals are formed. When a 
contaminant is adsorbed onto the manganese oxide/titanium dioxide coating, the 
hydroxyl radical oxidizes the contaminant to produce water, carbon dioxide, and other 
substances. Manganese oxide lowers the energy barrier required for ozone 
decomposition, decomposing the ozone to molecular oxygen. Therefore, the manganese 
oxide/titanium dioxide coating can also simultaneously decompose ozone to oxygen. 
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The invention is based on the fact that particles are 
accumulated in corrugations in said gas treatment unit 
and are kept in place while combustion of the particles 
takes place. Furthermore, the invention is provided with 
5 a heat exchanging function by means of which it is 
controlled that a combustion of the particles takes place 
at a sufficiently high temperature, which in turn is 
provided in an energy-saving manner. During the 
combustion, almost exclusively carbon dioxide is formed. 
10 Thus, according to the invention, a combined method for 
interchange of heat and filtration of particles is 
provided. 

In this connection, the term "particles'' is used in order 
15 to describe undesired emissions of solid particles in the 
form of primarily carbon which normally form part of the 
exhaust gases from a diesel engine or a corresponding 
engine which is adapted for operation with a surplus of 
oxygen. 

20 

Advantageous embodiments of the invention will be 
apparent from the appended dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
25 The invention will be further described in the following 
with reference to a preferred embodiment and to the 
annexed drawings, in which 

Fig. 1 shows a simplified and principal view of an engine 
30 arrangement in which the present invention can be 
utilized, 

Fig. 2 shows a manner of constructing a special exhaust 
gas treatment unit which is utilized according to the 
35 invention, 
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Fig. 3 shows said exhaust gas treatment unit slightly 
enlarged in comparison with Fig. 2, and 

Fig. 4 shows a detail view of said exhaust gas treatment 
5 unit. 



10 



20 



35 



PREFERRED EMBODIMENTS: 

Fig. 1 shows a schematic and simplified view of an 
arrangement according to the present invention. According 
to a preferred embodiment, the invention is arranged in 
connection with a combustion . engine 1 in the form of a 
diesel engine. However, the invention is not limited for 
utilization in connection with mere ly diesel engin es, -J^iit 
may be utilized for all types of combustion processes 
where an "eliSfeaatiop of carborTp ar ticles in a gas flow is 
desirable, e.g. in connection with other types of 

combustion engin^s-^^hiclT — at least periodically are 

operated by a surplus of oxygen. One exampLe of an engine 
type where the inventigncan be utUAj^d^ts a so-called 
D£-^n£ine, i.e. an -^acd-nfi of 1-hP H ij^f-in j or-n q h otto 
cycle engine type, which is characterized in" thai: it in 
certain operating conditions is operated by a large 
surplus of oxygen in the air/fuel mixture to the engine. 
During operation of a combustion engine of, for example, 
the diesel engine type or the DI engine type, exhaust 
gases are generated which contain carbon and other solid 
particles, wherein there is a demand for purification of 
the exhaust gases in order to eliminate the particles. 

The diegej^en glne \^ according to Fig. 1 is in a 
conventional manner supplied with inflowing air via a 
air inlet 2. Furthermore, the engine 1 is provided with 
number of cylinders 3 and a corresponding number of fu4l 
injectors 4. The respective injector 4 is connected t'o a 
central control unit 5 via a corresponding electrical 
connection 6. The control unit 5 is preferably computer 
based and is adapted to control the fuel supply to each 
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injector 4 with fuel from a fuel tank 7 in a known manner 
so that an air/fuel mixture which is adjusted in every 
given moment is supplied to the engine 1, i.e. via the 
respective injector 4. In this regard, the control of the 
5 air/fuel mixture to the engine 1 is adjusted to the 
prevailing operating condition. 

The control of the engine 1 takes place in an essentially 
known manner depending on various parameters which 

10 reflect the operating condition of the engine 1 and the 
vehicle in question. For example, the control of the 
engine can take place depending on the prevailing degree 
of throttle application, the engine speed, the amount of 
supplied air to the engine and the temperature of, for 

15 example, the cooling medium and the fuel of the engine. 
To this end, the control unit 5 is provided with a number 
of measuring signals 8. Said measuring signals 8 
correspond to incoming parameters from a corresponding 
number of detectors, which symbolically are indicated by 

20 the reference numeral 9 in Fig. 1. 

The method for controlling a diesel engine, e.g. as 
regards its fuel supply depending on the prevailing load 
and engine speed, takes place in a manner which is per se 
previously known and is therefore not described in 
further detail here* However, it can be mentioned that 
fuel is supplied from said fuel tank 7 and through a fuel 
filter 10 via a first fuel line 11. After filtering the 
fuel, it is guided further on to a fuel pump 12 via a 
second fuel line 13. From the fuel pump 12, the fuel is 
supplied to each injector 3 via corresponding additional 
fuel lines 14. The system also comprises a return line 15 
for unused fuel from the respective injector 3 and back 
to the fuel tank 4. According to prior art, the fuel pump 
12 is utilized for generating the necessary fuel pressure 
that is required during injection and combustion in the 
respective cylinder 3. 
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PROCESS AND APPARATUS FOR TREATING GAS CONTAINING 
FLUORINE -CONTAINING COMPOUNDS AND CO 
BACKGROUND OF THE INVENTION 

The present invention relates to a process for 
5 treating a gas containing fluorine-containing compounds 
and CO, and particularly it relates to a process and an 
apparatus for efficiently treating an exhaust gas 
containing fluorine -containing compounds and CO which are 
discharged in the step of dry cleaning the inner surfaces 
10 and the like of a semiconductor manufacturing apparatus, 
the step of etching various types of formed films such as 
oxide films and the like in the semiconductor industry. 

In the semiconductor industry, various types of 
harmful gases are being used in the semiconductor 
15 manufacturing steps and the environmental pollution by 

discharging them to the environment is a matter of concern. 
Particularly, in an etching step, a CVD step and the like 
in the semiconductor industry, fluorinated hydrocarbons 
such as CHF 3 and fluorine -containing compounds such as 
20 perfluoro- compounds including CF 4 , C 2 F 6 , C 3 F e , C 4 F 8 , C 5 F 8 , SF 6 
and NF 3 (hereinafter referred to as W PFC ) are being used. 
It is of urgent necessity to establish a system of 
removing the fluorine -containing compounds present in the 
exhaust gas from these steps as the global warming gases. 
25 Further, the exhaust gas from these steps sometimes 

contains CO as the processing gas or frequently contains 
CO which has been generated by exposing a mixed gas of PFC 
with 0 2 to a plasma in a chamber. 

As the method of removing PFC in a gas, a gas 
30 treating method using an alumina based catalyst obtained 
by incorporating various metals into alumina; a gas 
treating method using alumina having an Na content as the 
metal of not greater than 0.1% by weight; a gas treating 
method comprising contacting a molecular oxygen with a gas 
35 in the presence of alumina; a gas treating method using an 
aluminum-containing catalyst in the presence of steam at a 
temperature of 200 to 800°C; a gas treating method using 
various types of metal catalyst in the presence of a 
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During operation of the engine 1, its exhaust gases are 
/ guided out from the cylinders 3 via a branch pipe 16 and 
further on to an exhaust pipe 17 which is connected to 
the branch pipe 16. In accordance with the invention, a 
» unit 18 is provided further downstream along the exhaust 
pipe 17 for treatment of exhaust gases, in this case in 
the form of exhaust gases from the engine 1, The 
construction and the function of this exhaust gas 

V treatment unit 18 will be described below in detail with 
reference to Figs, 2, 3 and 4. From the exhaust gas 
treatment unit 18, the exhaust gases are guided further 
out into the surrounding atmosphere, according to what is 
indicated schematically by means of an arrow in Fig. 1. 



15 According to what in particular is apparent from Fig. 2, 
the exhaust gas treatment unit 18 comprises a strip 19a 
of metal, which by means of a suitable method (e.g. 
pressing or rolling) has been formed with corrugations 20 
which extend in a predetermined angle in relation to the 

20 longitudinal direction of the strip 19a. This angle can 
amount to 0-90°, and suitably within the interval of 30°- 
60°. The strip 19a is repeatedly folded in a zigzag form 
so that it forms a strip package 19b. In this manner, an 
arrangement is formed where the above-mentioned 

25 corrugations 20 run crosswise in relation to each other 
in adjacent layers in the strip package 19b. Moreover, 
the corrugations 20 function as spacers, by means of 
which several ducts or slits 21 (see in particular Fig. 
4) are formed which are separated from each other and 

30 through which a gas flow is intended to flow, in the 
present case thus a flow of exhaust gases from the engine 
1. 



The flow pattern in the ducts 21 is of such a kind that 
the flow in the duct is constantly mixed and has a 
satisfactorily contact with the walls of the ducts 21. 
Moreover, according to what is shown in Fig. 2, the 
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molecular oxygen and water; and the like have been 
proposed. Furthermore, as described in the specification 
of Japanese Patent Application No. 2000-110668. a gas 
treating method using y- alumina having a specific crystal 
structure (which exhibits diffraction lines having an 
intensity of 100 or more at the five angles of 33° ± 1°. 
37° ± 1°, 40° ± 1°, 46° ± 1° and 67° ± 1° of the angles of 
diffraction 20 measured by an X-ray diffraction apparatus) 
as the catalyst has been proposed* 

On the other hand, as the method for removing CO in 
a gas, there is a method comprising oxidizing CO using a 
hopcalite oxidation catalyst (a composite oxide of Cu and 
Mn, an Ni oxide, and the like) and 0 2 to C0 2 which is then 
removed. However, the technique of simultaneously 
treating fluorine- containing compounds and CO has not yet 
been reported. 

Accordingly, in order to treat both fluorine - 
containing compounds and CO in a gas according to the 
conventional technique, it is necessary to adopt a method 
comprising forming a two- stage catalytic reaction vessel 
having a CO oxidation catalyst arranged in the previous 
stage and v~ alumina arranged in the later stage and 
passing a gas therethrough to oxidize CO in the previous 
stage and to decompose the fluorine -containing compounds 
in the latter stage. However, in this instance, there is 
a problem that the fluorine in the fluorine-containing 
compounds present in the gas comes to a catalytic poison 
against the CO oxidation catalyst to remarkably lower the 
CO oxidative power in the reaction vessel of the previous 
stage and as a result, the CO cannot be treated to a 
threshold limit value- time weighted average concentration 
(TLV-TWA value) of 25 ppm or smaller in a short period of 
time. 

Furthermore, in order to treat a gas containing 
fluorine- containing compounds and CO according to the 
conventional technique, there are such problems that each 
component has to be treated with a different catalyst, 
which needs to use different heating vessels to be 
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corrugations 20 can, in order to facilitate the folding 
of the strip, be interrupted at regular intervals in 
order to be replaced with folding notches 22, 23 which 
run at right angles to the strip 19a. 

Furthermore, the strip 19a is enclosed in a heat 
insulated external container 24 (the insulation is not 
shown in the drawings) . Said external container 2 4 is 
essentially rectangular and comprises two end walls 24a, 
24b, two sidewalls 24c, 24d, a lower wall 24e, and an 
upper wall 24f. The strip package is sealed against the 
two sides 25, 26 which are arranged in parallel with the 
flow direction of the gas flow through the strip package. 
However, the end sections of the strip package are not 
sealed, but end in two return chambers 27, 28, according 
to what is apparent from in particular Fig. 3. 

Furthermore, the external container 24 comprises an inlet 
which is provided with a sleeve 29 for connection of 
inflowing gas and an outlet which is provided with an 
additional sleeve 30 for connection of outflowing gas. By 
means of the folding of the strip, connection takes place 
in a simple manner from the side of the package to all 
ducts on one side of the strip package 19b, which is due 
to the fact that the two nozzles 19, 30 connect to a 
respective side of the strip. The inlet and outlet, 
respectively, of the external container 24 are preferably 
situated essentially centrally on the respective sidewall 
24c, 24d. This corresponds to the fact that the inlet and 
the outlet, respectively, are positioned at essentially 
the same distance from the respective end wall, 24a, 24b. 
By means of this division of the gas flow in two flows 
with only half the speed, the pressure loss decreases 
considerably. 

According to the present invention, the strip package 19b 
is utilized for filtering and eliminating particles, 



individually filled with different catalysts, and the 
treating temperature for each heating vessel has to be 
individually controlled, and further a wide space for 
installing the apparatuses is necessary, and the 
temperature control becomes complicated. Further, there 
is a problem of complicating the control of catalysts 
since the period of exchanging the catalyst differs due to 
the difference in the lives of individual catalysts. In 
addition, there is a problem of an increase in the running 
cost such as the expense necessary for periodically 
exchanging the catalysts. 

Then, the object of the present invention is to 
solve the above described problems according to the 
conventional technique and to provide a process and an 
apparatus for treating a gas containing fluorine- 
containing compounds and CO which can simultaneously and 
efficiently treat fluorine-containing compounds and CO and 
are low in the running cost and can be simply controlled. 
SUMMARY OF THE INVENTION 

In order to solve the above described problems, the 
present inventors have made strenuous investigations, and 
found that the above described object can be achieved by 
first reacting a gas containing fluorine-containing 
compounds and CO with 0 2 and H 2 0 without using a CO 
treating catalyst at a specified temperature or higher to 
oxidize the CO to C0 2 , and then contacting the gas with y 
alumina as the catalyst to decompose the fluorine- 
containing compounds, in treating the gas containing the 
fluorine-containing compounds and CO. 

Namely, according to the present invention, there is 
provided a process for treating a gas containing fluorine- 
containing compounds and CO which comprises contacting the 
above described gas with 0 2 and H 2 0 at a temperature of 
850°C or higher to oxidize the CO to C0 2 ; and subsequently 
contacting the gas with y-alumina heated at 600 to 900°C 
to decompose the fluorine-containing compounds. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view showing one 
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primarily in the form of carbon, from the exhaust gases 
which are emitted from the engine 1 and guided into the 
exhaust gas treatment unit 18 via the exhaust pipe 17 
(cf . Fig. 1) . More precisely, the strip package 19b is 
5 formed in such manner that particles in this exhaust gas 
flow will be accumulated in the above-mentioned 
corrugations 20, which in this way function as separation 
elements by means of which said particles can be 
separated from the gas flow. The invention is based on 
10 the fact that the corrugations are utilized for 
collecting the particles, which will remain in place 
along the corrugations 20 for a sufficiently long time, 
so that they eventually will be combusted. This 
accumulation of particles on the strip package 19b takes 
15 place by means of the fact that the exhaust gas is 
repeatedly relinked to a new direction of motion by means 
of which the particles will show a tendency to fall out 
of the exhaust gas stream and instead adhere to the 
surface of the strip package 19b, i.e. along the 
20 corrugations 20. This accumulating function of the 
exhaust gas treatment unit 18 is obtained on the one hand 
by means of the fact that the particles, due to their 
comparatively high density, have a tendency to move in a 
more linear manner than the gas, and on the other hand by 
means of the fact that particles which come close to the 
surface or the wall will be attracted by it. The latter 
takes place by means of e.g. electrical forces and so- 
called van der Waals forces. Furthermore, the turbulent 
flow which the corrugations cause results in that the gas 
is constantly mixed so that all particles eventually will 
come close to the wall. 
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Furthermore, according to what will be described in 
detail below, an increased temperature (normally 
35 approximately 400-500° C) can be generated in the strip 
package 19b during operation of the engine 1. This can 
take place either by means of a special control of the 




preferred embodiment of the apparatus for treating a gas 
containing fluorine-containing compounds and CO according 
to the present invention. In Fig. 1, each referential 
numerals have the following meaning. 
5 1: PFC exhaust gas treating apparatus; 
20: heat oxidation vessel; 
20b: oxidation reaction zone; 
21: PFC exhaust gas inlet; 
22: 0 2 inlet; 
10 23: H 2 0 inlet; 

28: ceramic heater; 
29: baffles; 

30: catalytic reaction vessel; 

31: Y" alumina? 
15 32: ceramic heater; 

DETAILED DESCRIPTION OF THE INVENTION 

The gas containing fluorine- containing compounds and 
CO which can be treated by the present invention may 
include exhaust gases which are discharged in the step of 
20 dry cleaning the inner surfaces of a semiconductor 

manufacturing apparatus and the step of etching various 
types of formed films in the semiconductor industry and 
the like. Further, the above described fluorine- 
containing compounds may include fluorinated hydrocarbons 
25 such as such CHF 3 , perfluoro- compounds such as CF 4 , C 2 F 6 , 
C 3 F 8 , C<F 8 , C 5 F e , SF 6 and NF 3 and the like. 

In the present invention, the temperature at which 
the above described gas is contacted with O a and H 2 0 is 
850°C or higher, preferably 870°C or higher. When the 
30 temperature is lower than 850°C, the CO in the gas is not 
sufficiently oxidized and remains, and thus such 
temperatures are not preferred. 

In the present Invention, the gas containing 
fluorine-containing compounds and CO (hereinafter referred 
35 to as "PFC exhaust gas" for brevity) is first contacted 

with O z and H 2 0 at the above described temperature to cause 
the reactions in the gas phase as shown by the following 
formulae, whereby CO is oxidized to C0 2 . 
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composition of the exhaust gases (which in turn can take 
place by injecting for example hydrocarbon compounds in 
the exhaust flow, or by means of a special control of the 
engine 1) or by means of a special heater element or by 
means of a heat exchanging function of the strip package 
19b (or by means of a combination of these measures) . All 
in all, this results in that particles which have been 
accumulated in the corrugations 20 will be combusted 
either continuously or intermittently when the 
temperature is sufficiently high. During the combustion, 
the particles are in this way eliminated while carbon 
dioxide is formed.- 



It can be noted that a surplus of oxygen is necessary in 
the exhaust gas while the accumulated particles are 
combusted. Thus, the invention can be utilized for 
engines which are adapted for operation with a surplus of 
oxygen (i.e. A>1) , but also for engines adapted for 
operation with an equilibrium of oxygen (A=l) or a 
deficit of oxygen (A,=l) . in the latter cases, combustion 
of carbon and other particles suitably can take place 
during intermittent occasions with a surplus of oxygen. 

The invention can be utilized with various methods for 
filtration and separation of carbon particles from the 
gas flow in question — Below, some examples of methods for 
carbon separation wi 1 1 hf=L^scribed. According to a first 
embodiment, the invention can beutTTiz^ for providing a 
filtering process of the surface filtering type in which 
particles are accural a£f^_^^ in this 

case on th e surface of the , strip park a gft 19b. I n order to 
provide this, preferably a porous catalytic coating or 
wall, suitably in the form of a (not shown) glass fibre 
mat or similar, can be laid out between the folds in the 
strip package 19b. Said mat can be provided along the 
entire extension of the strip package 19b, or at certain 
selected parts of the strip package 19b. Preferably, said 
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2CO + 0 2 -+ 2C0 2 

CO + H 2 0 C0 2 + H 2 

2H 2 + 0 2 2H 2 0 

Subsequently, the gas is then contacted with y- 

5 alumina at a temperature of 600 to 900°C, by which, the 
fluorine- containing compounds in the gas is decomposed. 
For example, when the gas contains CF 4 as the PFC, the CF 4 
is decomposed to C0 2 and HF by the reaction as shown by 
the following formula. 
10 CF 4 + 2H 2 0 C0 2 + 4HF 

In the present invention, the amounts of 0 2 and H z O 
to be contacted with a PFC exhaust gas are preferably 
sufficient to decompose all of CO and fluorine-containing 
compounds in the PFC exhaust gas to be treated to C0 2 and 

15 HF. In a preferred embodiment, the amount of 0 2 to be 

added to the PFC exhaust gas is preferably at least molar 
amount necessary for the C atoms in the fluorine- 
containing compounds and the C atoms of CO which are 
present in the PFC exhaust gas to come to C0 2 (minimum 

20 molar amount), more preferably the amount of at least 

molar amount obtained by adding one mole to the minimum 
molar amount. Further, the amount of H 2 0 to be added to 
the PFC exhaust gas is preferably at least molar amount 
necessary for the F atoms in the fluorine -containing 

25 compounds to come to HF (minimum molar amount), more 
preferably, the molar amount corresponding to 6 to 20 
times of one mole of the fluorine -containing compounds. 
In this instance, H 2 0 is preferably Introduced in a 
gaseous state and, for example, H 2 0 is sent from an H 2 0 

30 tank to a vaporizer by means of a pump and heated to 100°C 
or higher to render the entire amount steam, and 
furthermore it is preferred to introduce an H 2 0 with a 
pressure of an inert gas such as N 2 . 

In the present invention, the Y-alumlna to be 

35 contacted with the PFC exhaust gas acts as a catalyst for 
decomposing fluorine-containing compounds. In the present 
invention, the contact of the PFC exhaust gas with y- 
alumina is preferably conducted at a temperature of 600 to 
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mat is provided between the surfaces of the strip package 



the gas flow is influenced to pass through the mat. If 
the mat for example is laid out close to the respective 
return chamber 27, 28, it will be possible to control the 
temperature by means of a suitable engine control, 
according to what will be described in detail below. In 
this ■ manner, the combustion of particles can be 
controlled, A similar fiinrtnVvn i s obtained ifJJaest^ip 



similar pnrows — -coat/ whi-efeu is r?ap»M^ — of — ajrarebing 
partic les 

15 The basic principle of utilizing the above-mentioned mat 
is that the particles which are present in the gas flow 
will be accumulated and kept in the mat so that they can 
be combusted. According to a variant of this embodiment, 
said mat can be formed of catalytic material, which 

20 improves the filtering effect. 

An alternative manner of separating particles is by 
providing the exhaust gas treatment unit 18 with a porous 
body which can be of a suitable material, e.g. foam, 

25 ceramic or a sand bed and which can be situated at a 
suitable place within its container 24. Such a type of 
filtering is of the deep filtering type, in contrast to 
filtering methods where particles are accumulated in a 
coat or a layer, which in that case is termed surface 

30 filtering according to what has been explained above. 

One additional manner of separating particles in the 
exhaust gas treatment unit 18 according to the invention 
is to use the principle of electric filter, which is 
35 particularly suitable for filtration of comparatively 
small particles, more precisely of the order of <lpm. An 
electric filter is based on the utilization of a special 



19b (cf. Fig. 4), i.e. without this being in contact with 
the surfaces of the strip package 19b, by means of which 



package 19b is 
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900°C, preferably 650 to 850°C, more preferably 750°C. 
When the contact temperature of the PFC exhaust gas with 
the y- alumina is lower than 600°C, the activity of the 
alumina as a catalyst is lowered to decrease the 
5 decomposition ratio of the PFC, and thus such temperatures 
are not suitable, and conversely temperatures of higher 
than 900°C cause crystal transition and there is a fear of 
vitrifying the y-alumina, and thus such temperatures are 
not suitable. It is preferred to heat the y- alumina 
10 catalyst to the above described temperature by a heating 
means . 

As the y- alumina which can be used in the present 
invention, the y-alumina having a crystal structure which 
exhibits diffraction lines having an intensity of 100 or 

15 more at five angles of 33° ± 1°, 37° ± 1°, 40° ± 1°, 46° ± 1° 
and 67° * 1° of the angles of diffraction 29 measured by an 
X-ray diffraction apparatus as proposed in Japanese Patent 
Application No. 2000-110668 can be preferably used. The 
Na 2 0 content in the alumina is preferably not greater than 

20 0.02% by weight based on the entire amount of the 

alumina in consideration of the decomposition performance 
of the fluorine-containing compounds. The y-alumina 
having such a crystal structure can be obtained, for 
example, by firing an alumina sol as the spherical alumina 

25 hydrogel [ Al(0H) y • nH 2 0] . Although the y-alumina which is 
used in the present invention is not particularly limited 
in its shape as far as it has the above described crystal 
structure, it is preferably spherical from the standpoint 
of handling properties. Further, although the particle 

30 size of the y-alumina may be within the range which does 

not increase a pressure drop when the gas to be treated is 
passed, it is preferably fine to increase the contact area 
with the gas components to be treated and is preferably in 
the range of 0.8 mm to 2.6 mm . 

35 Further, according to the present invention, there 

is provided an apparatus for treating a gas containing 
fluorine- containing compounds and CO. The apparatus for 
treating a gas containing fluorine- containing compounds 
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ionization unit (not shown in the drawings) which in that 
case suitably is provided in connection with the exhaust 
gas treatment unit 18, for example before (i.e. upstream 
of) the strip package 19b. Said ionization unit is per se 
previously known and is utilized for charging particles 
in the passing gas by means of ionization of the gas. 
Then, the charged particles can be influenced to fall out 
and be accumulated on earthed plates. In that case, 
according to a suitable form of the invention, said 
earthed plates are constituted by th e actual str ip 
packag e 19 b^j^hich to this end is connected to a (not 
shown) ground point. However, this variant of the 
invention is not limited to the ionization unit being 
situated upstream of the strip package 19b. Alternative 
placings, e.g. in one oT^Bie^5&rn;e-mentioned return 
chambers 27, 28, can also be suitable placings for such 
an ionization unit. The advantage as regards ionization 
of the gas in one of the return chambers 27, 28 (or both) 
is that the main part of the carbon particles in this way 
falls out close to the respective return chamber where 
the temperature is favourable for combustion of the 
particles. By placing the ionization unit before the 
strip package 19b, only one single small ionization unit 
is required, while two such units are required if 
ionization shall take place in the two return chambers 
27, 28. 

In order to facilitate filtering, an aggregation of small 
particles to larger particles can take place. This takes 
place by utilizing turbulence in the exhaust gas 
treatment unit 18. This takes place by means of the 
turbulence of the gas flow which the corrugations in the 
separation unit cause. Particles collide with each other 
and with the walls, by means of which electricity is 
transmitted. In this manner, attractive electric fields 
are formed. These large particles are subsequently 
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and CO comprises a heat oxidation vessel having a hollow 
inside enabling the passage of the above described gas 
therethrough, a heating means capable of heating the 
temperature of the gas in the above described hollow 
5 inside to 850°C or higher, a gas inlet, an 0 2 inlet and an 
H 2 0 inlet; and a catalytic reaction vessel which is under 
fluid-communicating condition with the above -described 
heat oxidation vessel and has been filled with y-aliimina. 
In the PFC exhaust gas treating apparatus of the 
10 present invention, the heat oxidation vessel and the 

catalytic reaction vessel may be arranged under fluid- 
communicating condition, and they may be formed as one 
body or as separate bodies. Further, although the 
material of the heat oxidation vessel and the catalytic 
15 reaction vessel is not particularly limited, it is 

preferably formed of a material which is stable in a high 
temperature atmosphere and inert to the gas components to 
be treated and, simultaneously, excels in thermal 
conductivity, and particularly preferably formed of 
20 stainless steel. 

In the PFC exhaust gas treating apparatus of the 
present invention, a heating means of the heat oxidation 
vessel is not particularly limited as far as it can heat 
the gas phase portion formed in the hollow inside of the 
25 heat oxidation vessel to 850°C or higher, preferably to 

870°C or higher and, for example, a ceramic heater such as 
a ceramic electric tubular furnace is preferably arranged 
on the outside of the heat oxidation vessel. 

In the heat oxidation vessel of the PFC exhaust gas 
30 treating apparatus of the present invention, at least a 
PFC exhaust gas inlet, an 0 2 inlet and an H 2 0 inlet are 
provided. These inlets are preferably provided at the 
top portion of the heat oxidation vessel, and each is 
connected to a PFC exhaust gas generation source such as 
35 an exhaust gas line from a semiconductor manufacturing 
apparatus, an 0 2 supply source, or an H z O supply source 
through piping. It is preferred to introduce H 2 0 in a 
gaseous form, and thus in a preferred embodiment, the H 2 0 
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filtered out by means of one of the above-mentioned 
methods . 

As mentioned above, a basic principle of the invention is 
that the particles which have been separated by means of 
thg^s ^rip package 1 9b^ jl^i—C^Xi be eliminated in the 
exhaust gas treatment unit 18; Preferably, this takes 
place by means of combustion in the strip package 19b. In 
that case, the basic principle is that the invention is 
utilized in connection with such a control of the engine 
1 that a temperature, which is sufficiently high for 
combustion of the particles, is generated in the exhaust 
gases, and thus also in the strip package 19b. On account 
of this, there is a demand for accurate temperature 
control of the exhaust gases. To this end, a basic 
principle of the invention is that an adjustment of the 
temperature of the prevailing gas flow takes place so 
that the temperature of active parts of the exhaust gas 
treatment unit 18 will be above a predetermined 
temperature limit at which combustion of particles can 
take place. As regards the heat exchanging function, it 
can be established that various parts of the exhaust gas 
treatment unit 18 normally have varying temperatures. 
More precisely, the temperature in the respective return 
chamber and its vicinity is normally higher than in the 
parts of the exhaust gas treatment unit 18 where the gas 
is guided in and out. The temperature limit at which 
combustion takes place is normally approximately 400- 
500° C. In order to achieve an increase of the 
temperature of the exhaust gas treatment unit 18, 
exothermic reactions, which occur as a consequence of the 
energy content in the exhaust gases, are utilized. 
Furthermore, an increase of the temperature can be 
obtained as a result of a change of the energy content in 
the exhaust gases by means of a suitable engine control, 
wherein the control unit 5 is utilized for this control . 
More . precisely, this can be achieved by means of, for 
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supply line to be connected to the H 2 0 inlet is 
constituted of an H 2 0 (liquid) tank of the H 2 0 supply 
source, a vaporizer which vaporizes the liquid H 2 0 to be 
supplied from the H 2 0 tank, a piping which connects the 
5 tank with the vaporizer, a water pump provided on the 

piping, and a supply source of an inert gas such as N 2 for 
pumping the vaporized H 2 0 to the H z O inlet of the heat 
oxidation vessel, and a heating means such as a band 
heater is installed on the piping connected to the H z O 
10 inlet. 

Further, it is preferred to install a contact 
auxiliary means to enhance the contact efficiency of the 
CO in the gas with 0 2 and H 2 0 in the Inside of the heat 
oxidation vessel* The contact auxiliary means is not 

15 particularly limited as far as it can cause a turbulence 

in the gas phase portion to be formed in the hollow inside 
of the heat oxidation vessel and may include, for example, 
baffles formed by arranging a plurality of plates, fins or 
the like on the inner wall of the heat oxidation vessel 

20 spirally or alternately so as to face one another in the 

radial direction, fillers having a small pressure loss and 
the like. In the case of using baffles as the contact 
auxiliary means, the surfaces of the baffles may be coated 
with a metal such as Ni, 

25 The catalytic reaction vessel of the PFC exhaust gas 

treating apparatus of the present invention is filled with 
Y-alumina. The volume of the catalytic reaction vessel is 
not particularly limited as far as it can be filled with 
Y-alumina. As the y-alumina to be filled in the catalytic 

30 reaction vessel, the 7- alumina having the above described 
specified crystal structure can preferably be used. 

Further, in a preferred embodiment, the catalytic 
reaction vessel is provided with a heating means to heat 
Y-alumina to 600 to 900°C, preferably 650 to 850°C, more 

35 preferably 750°C. This heating means is not particularly 

limited and the same heating means as provided in the heat 
oxidation vessel can be used, and the heating means as 
described above in connection with the heat oxidation 
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example, a modification of the time for the injection and 
the ignition in the respective cylinder, or by means of 
additional injection of fuel during the exhaust stroke of 
the engine. An additional manner of providing an increase 
5 of temperature is by injecting air from an external 
source (not shown) into the exhaust gas treatment unit 18 
during rich operation of the engine. An additional manner 
of providing an increase of temperature is by controlling 
the cylinders individually, wherein the exhaust gases 
10 from one or some of the cylinders 3 are operated in a 
rich manner whereas the rest of the cylinders are 
operated in a lean manner. This can result in a powerful 
exothermic reaction and a heat release. 

15 The combustion of particles is facilitated if the strip 
package 19b is coated with some type of oxidation 
catalyst, or some other suitable type of catalyst, which 
provides catalytic oxidation of predetermined gas 
components, e.g. in the form^ f hydr oca rbon compounds in ^ 
20 the ^exhajLSJL^^ase In this way, the presence of such 
hydrocarbon compounds can be influenced by controlling 
the engine so that large contents of uncombusted 
hydrocarbons are generated in the exhaust gas. By means 
of oxidation of these hydrocarbons in the exhaust gas 
treatment unit 18, a drastic increase in temperature in 
the exhaust gas treatment unit is obtained, which in turn 
results in an effective particle combustion. 



25 



30 



35 



In case of the invention being utilized in.- diesel 
engines, it is not always suitable to operate the engine 
in a rich manner. In such a case, an increase in 
temperature can instead be obtained by injecting fuel 
directly into the exhaust gases after the engine or in 
connection with the exhaust stroke in the engine, in one 
such case, fuel (or some other reducing agent) can be 
dosed both before the exhaust gas treatment unit 18, e.g. 
in one of the return chambers 27, 28, and directly into 
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vessel can be preferably be used. 

Moreover, if necessary or required , the PFC exhaust 
gas treating apparatus of the present invention may be 
combined with an apparatus for separating solid substances 
5 such as a water splaying tower to separate solid 

substances which might be present in the gas, or an 
apparatus for removing an acid gas such as a water 
splaying tower to remove an acid gas such as HF to be 
obtained after the PFC exhaust gas treatment of the 
10 present invention. 

With reference to the Figure attached hereto, 
the PFC exhaust gas treating apparatus of the present 
invention will now be explained in more detail but the 
present invention should not be limited thereto. In 
15 the following description, in order to simplify the 

explanation, fluorine-containing compounds are supposed to 
be perfluoro- compounds such as CF 4 and abbreviated to 
merely *"PFC W for explanation. 

Fig. 1 is a schematic view showing one preferred 
20 embodiment of the PFC exhaust gas treating apparatus of 
the present invention. The PFC exhaust gas treating 
apparatus of the present Invention 10 has a heat oxidation 
vessel 20 which allows a PFC exhaust gas to contact with 
O a and H 2 0 at a temperature of 850°C or higher to effect 
25 oxidation treatment of CO in the gas, and a catalytic 

reaction vessel 30 which allows the oxidation treated gas 
to contact with ^-alumina at a temperature of 600 to 900°C 
to decompose the PFC in the gas. The heat oxidation 
vessel 20 and the catalytic reaction vessel 30 are 
30 arranged in such a fluid-communicating condition that the 
PFC exhaust gas flows down from the heat oxidation vessel 
20 arranged at the upper stage to the catalytic reaction 
vessel 30 arranged at the lower stage. In the present 
embodiment, the heat oxidation vessel 20 and the catalytic 
35 reaction vessel 30 comprise cylindrical stainless steel 
mini-columns having the same size. 

At the top portion 20a of the heat oxidation vessel 
20, a gas inlet 21, an 0 2 inlet 22 and an H 2 Q inlet 23 are 
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the exhaust gas treatment unit 18 between its inlet and 
the return chambers 27, 28 (or between the return 
chambers and their outlets) . 

5 Regardless of which method for heating the exhaust gases 
is utilized, it can be established that the invention is 
based on the fact that the engine 1 can be operated so 
that a sufficiently high temperature is generated in the 
strip package^l^b^^which in turn results in a combustion 

10 of the particles which have been accumulated in the 
corrugations 20. In this connection, the strip package 
19b functions as a heat exchanger, wherein the exhaust 
gas flow takes place during interchange of heat between 
incoming and outgoing flows. The interchange of heat 

15 according to the invention is based on the fact that a 
sufficiently high temperature can be obtained with a 
comparatively low consumption of energy. In this way, 
this temperature exceeds a level at which the reaction of 
combustion can take place. More precisely, the 

20 interchange of heat can be utilized in order to provide a 
higher exhaust gas temperature than the exhaust gases 
have before they are guided into the exhaust gas 
treatment unit 18. Furthermore, the invention is based on 
the fact that the particles are accumulated and kept in 

25 the exhaust gas treatment unit 18 for a sufficiently long 
time in order for a combustion of the particles to take 
place at a temperature in the order of 400-500° C. 

An additional possible manner of increasing the 
30 temperature of the gas flow is by means of externally 
supplied heat. According to what is shown in Figs. 2 and 
3, this can, for example, take place by means of a 
special heater element 31. In that case, such a heater 
element 31 is suitably provided in each one of the return 
35 chambers 27, 28. The heater element 31 is formed of 
electrical heating conductors which are adapted for 
generating heat during connection to a separate (not 
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provided. The gas inlet 21 is connected to a PFC exhaust 
gas supply source (not shown in the Figure) such as an 
exhaust gas line of a semiconductor manufacturing 
apparatus through piping. The O z inlet 22 is connected to 
5 an 0 2 supply source (not shown in the Figure) through 
piping. The H 2 0 inlet 23 is connected to a vaporizer 25 
through piping 24 wrapped with a band heater, and the 
vaporizer 25 is connected to an H 2 0 (liquid) tank 26 
through piping on which a water pump 27 is installed. In 

10 addition, the vaporizer 25 is connected to an inert gas 
(N 2 ) supply source through piping. 

The inside of the heat oxidation vessel 20 is 
rendered hollow, and the hollow inside has an oxidation 
reaction zone 20b into which an PFC exhaust gas, 0 2 and H 2 0 

15 are introduced to advance the oxidation reaction of CO. 

The oxidation reaction zone 20b has a plurality of baffles 
29 as the contact auxiliary means to enhance the contact 
efficiency of CO in the PFC exhaust gas with O z and H 2 0. 
The baffles 29 are plates or fins having a size slightly 

20 longer than the inner radius of the heat oxidation vessel 
20 and are spirally arranged on the inner wall of the heat 
oxidation vessel 20 or are alternately arranged on the 
inner wall of the heat oxidation vessel 20 so as to face 
one another in the radial direction. At the outer 

25 periphery of the heat oxidation vessel 20, a ceramic 

electric tubular furnace 28 is provided as the heating 
means capable of heating the temperature of the oxidation 
reaction zone 20b to 850°C or higher. Further, in order to 
measure the temperature of the oxidation reaction zone, a 

30 thermocouple (not shown in the Figure) is provided at the 
center of the hollow inside of the heat oxidation vessel. 

Downstream of the heat oxidation vessel 20, a 
catalytic reaction vessel 30 is provided in a fluid- 
communicating condition with the heat oxidation vessel 20. 

35 The Inside of the catalytic reaction vessel 30 is filled 
with 7-alumina. The y alumina having the above described 
specific structure is preferably used. 

Furthermore, at the outer periphery of the catalytic 
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shown) voltage source, J t can in particular be noted th at 
even _a _comparatively small supply of heat in the r eturn 
chambers by means of the heater element 31 results in an 
efficien t BScria&e in temp eratu re. Thus, by means of a 
compara^i^al ^ small supply of heat, an increase in 

temperaturg is obtained jA? hich IS — sufficient for 

, combusting^ the carbon particles which have been filtered 
out, 



The invention is not limited for utilization with the 
above-mentioned heater element. Alternatively, heat can 
be supplied externally by means of a gas or oil burner or 
an external fuel injection, which, however, are not shown 
in the drawings. According to an additional alternative, 
a heating function can be provided by means of a (not 
shown) supply of hot air (or some other suitable gas) 
from an external source* 



Furthermore, the invention is not limited for utilization 
with an external supply of heat. Thus, such a supply can 
in principle be excluded for those applications in which 
a sufficiently high temperature can be generated without 
any externally supplied heat. 



Thus,, it can be established that the invention can be 
arranged in such manner that an increased temperature is 
generated by controlling the composition of the exhaust 
gases in a suitable manner, i.e. by selecting the 
concentration of various substances or gas components in 
the exhaust gas flow which in turn results in an increase 
in temperature which is necessary for elimination of 
particles by means of combustion. As mentioned above, 
this can be provided by means of an engine control which 
is adapted to its purpose (which in turn can be utilized 
for generating predetermined levels of, for example, 
hydrocarbon compounds in the exhaust gas flow) , by means 
of injection of, for example, hydrocarbon compounds 
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reaction vessel 30, a ceramic electric tubular furnace 32 
is preferably provided as the heating means capable of 
heating the y-alumina at 600 to 900°C. This ceramic 
electric tubular furnace 32 may be either integrated with 
5 or separated from the ceramic electric tubular furnace 28 
provided for the heat oxidation vessel 20. Further, in 
order to measure the temperature of the, inside of the 
catalytic reaction vessel 30, a thermocouple (not shown in 
the Figure) is installed in the inside of the catalytic 
10 reaction vessel 30. 
Examples 

The present invention will be more concretely 
explained below on the basis of examples. 
Example 1 

15 The relationship between the temperature of the gas 

phase portion in a heat oxidation vessel and the removal 
ratio of CO was observed as the CO treatment properties in 
a gas with no catalyst. 

As the heat oxidation vessel, a stainless steal 

20 mini -column having an inner diameter of 27 mm and a height 
of 500 mm amounted in a ceramic electric tubular furnace 
was used. In order to measure the temperature of the gas 
phase portion in the hollow inside of the heat oxidation 
vessel, a thermocouple was installed nearly at the center 

25 of the hollow inside of the heat oxidation vessel. The 
temperature was varied stepwise from 500 to 900°C while 
monitoring the temperature of the gas phase portion with 
the thermocouple. 

Carbon monoxide (CO) diluted with N 2 which was used 

30 as an artificial test exhaust gas, 0 2 and H 2 0 were 

introduced into the hollow inside of the heat oxidation 
vessel so as for the 0 2 and H 2 0 to come to at least 
equimolar amounts at a total gas flow rate of 410 seem. 
At this instance, the concentration of the CO introduced 

35 was set at 1.22 to 1.33%; that of 0 2 Introduced was set at 
3.7 to 3.9%; and the flow velocity of H 2 0 was set at 0.079 
mL/min. The treatment time was set at 30 minutes. 

In order to observe the disposal performance in the 
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directly into the exhaust gases or by injecting air into 
the exhaust gases. Alternatively, according to what has 
been mentioned above, the invention can also be arranged 
in such manner that an increase in temperature is 
obtained by means of externally supplied heat. 

During operation of the engine 1, exhaust gases are 
supplied through the exhaust gas treatment unit 18. In 
this case, the exhaust gases are guided via the inlet 29 
(cf. Figs. 2 and 3) and are divided into two partial 
flows 35, 36 (cf. Fig. 3). Said flows 35, 36, are guided 
through the ducts on one side of th e strip par VagA 19b 
and in the direction of the respective return chamber 27, 
28. Initially, the supplied exhaust gases will be 
comparatively cold, but are gradually heated towards the 
reaction temperature at which combustion of particles can 
take place, according to what has been explained above. 
At the same time as hot exhaust gases are guided towards 
the outlet 30 of the exhaust gas treatment unit 18, 
additional exhaust gases enter via its inlet 29. In this 
case, heat will be transmitted from the outgoing gas flow 
to the incoming gas flow. By means of a satisfactorily 
heat exchange between the outgoing and the incoming gas 
flows, the local temperatures of said flows can be 
influenced to lie close to each other. For this reason, 
only a small additional supply of heat in the return 
chambers 27, 28 is required in order to, for example, 
increase the temperature of the gas flow. At the same 
time as the gas flow is heat-treated to the correct 
temperature in the exhaust gas treatment unit 18, it is 
guided over the corrugations 2 0 which constitute a 
filter, wherein the particles are accumulated and finally 
combusted as a consequence of the increased temperature. 

The invention discloses an effective heat exchanging 
function, which in turn is utilized for facilitating the 
adjustment of the temperature of the exhaust gas 
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heat oxidation vessel, CO, C0 2 , 0 2 and H 2 in the gas at the 
outlet of the column were analyzed using a gas 
chromatograph apparatus equipped with a mass detector 
( "AGS-7000U" . manufactured by Anelva Co., Ltd.). The 
5 results are set forth in Table 1. 



Table 1 



Treating 
Tempera- 
ture 
(°C) 


Gas at Inlet ! 


Gas at Outlet 


CO 

Removal 

Ratio 

(%) 


CO 
(%) 


o 2 

(%) 


H 2 0 
(mL/min) 


CO 
(ppm) 


C0 2 
(ppm) 


o 2 

(%) 


H 2 
(ppm) 


500 


1.28 


3.8 


0.079 


11200 


470 


3.8 


<2 


13 


600 


1 .22 


3.9 


0.079 


9960 


1470 


3.8 


<2 


18 


700 


1.23 


3.8 


0.079 


7160 


3600 


3.6 


<2 


42 


750 


1.27 


3.8 


0.079 


3770 


6310 


3.4 


<2 


70 


800 


1.23 


3.8 


0.079 


500 


10500 


3.2 


<2 


96 


850 


1.29 


3.8 


0.079 


12 


9470 


3.2 


<2 


99.9 


870 


1.28 


3.7 


0.079 


<2 


11000 


3.2 


<2 


100 


900 


1.31 


3.9 


0.079 


<2 


11300 


2.9 


<2 


100 



As would be understood from Table 1, when the 

10 temperature of the gas phase portion of the heat oxidation 
vessel was 850°C, CO was reduced to 12 ppm (removal ratio 
of 99.9%) which was lower than the tolerance concentration 
(25 ppm). and when the temperature was 870°C, CO was 
reduced to lower than the detection limit (25 ppm). At 

15 this time, the C0 2 in the gas at the outlet (11000 ppm) 

was nearly equal to the concentration of the CO introduced 
and H 2 was not detected, and accordingly it can be 
considered that CO has all been oxidized to C0 2 . 
Comparative Example 1A 

20 The same experiment as in Example 1 was carried out 

with the use of the apparatus of Example 1 by introducing 
CO at a concentration of 1.33% and H 2 0 at a flow velocity 
of 0.079 mL/min at a total gas flow rate of 410 seem into 
the Inside of the heat oxidation vessel without the 

25 addition of 0 2 at a temperature of the gas phase portion 
of the heat oxidation vessel of 870°C for 30 minutes of 
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treatment unit which in turn results in a combustion of 
particles in the exhaust gases which functions optimally. 
In particular, the invention provides that a gas flow can 
be treated for filtration and elimination of particles at 
a certain temperature with a low heat consumption. During 
heating of the gas flow, a certain amount of heat (for a 
given gas volume) is consumed, which later on can be 
recovered for heating a new inflowing gas volume. This 
results in a heat exchanging effect which requires 
considerably less consumption of energy than traditional 
heating systems which, for example, are based on separate 
heater elements, e.g. of the electric type. 

In the embodiments of the invention which comprise 
coatings of catalytic material, the strip package 19b can 
be formed in such manner that it is coated with a 
catalytic material which provides a function which 
corresponds to a three-way catalyst, i.e. which is 
utilized for catalytic elimination of undesired compounds 
in the form of nitric oxides, carbon monoxide and 
hydrocarbon compounds in the exhaust gases from the 
engine 1. Techniques for coating surfaces with thin 
coatings of catalytic material are previously known e.g. 
when manufacturing conventional car catalysts. Moreover, 
the strip package !9b can bej provided with a NO-, reducing 
coating, l. e : a^coating which~provides a "function which 
corresponds to a nitrogen oxide adsorbent (also called 
NO, : adsorbent) . According to what is previously known, a 
NO, : adsorbent can in a known manner be utilized for 
reduction of NO. compounds in the exhaust gases of the 
engine 1. 



Thus, the exhaust gas treatment unit 18 can constitute an 
integrated component which is utilized as particle filter 
and which also comprises both NO : , reducing material 
(which thus constitutes a so-called NOv adsorbent) and, 
where appropriate, material which provides the function 
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the treating time. The results are set forth in Table 2. 

As would be understood from Table 2, even when the 
temperature of the gas phase portion was 870°C, by the 
addition of H 2 0 alone, the removal ratio of CO was merely 
5 38%, and thus the disposal performance of CO was low. 
Comparative Example IB 

The same experiment as in Example 1 was carried out 
with the use of the apparatus of Example 1 by introducing 
CO at a concentration of 1.24% and O z at a concentration 
10 of 3.8% at a total gas flow rate of 410 seem without the 
addition of H 2 0 at a temperature of the gas phase portion 
of the heat oxidation vessel of 870°C for 30 minutes of 
the treating time. The results are set forth in Table 2. 
As would be understood from Table 2, even when the 
15 temperature of the gas phase portion was 870°C, the 

addition of 0 2 alone could not completely remove CO, and 
200 ppm of CO which greatly exceeded the tolerance 
concentration (25 ppm) were detected in the gas at the 
outlet . 

20 





Gas at Inlet 


Gas at Outlet 


Removal 
Ratio 
of CO 
(%) 


CO 
(%) 


(%) 


H 2 0 

(mL/ 

min) 


CO 
(ppm) 


C0 2 
(ppm) 


(%) 


(ppm) 


Example 1 
(870°C) 


1.28 


3.7 


0.079 


<2 


11000 


3.2 


<2 


100 


Comparative 
Example 1A 


1.33 


0 


0.079 


8330 


3220 


<0.3 


<2 


38 


Comparative 
Example IB 


1.24 


3.8 


0 


200 


11600 


3.1 


<2 


98 ^ 



Example 2 

The disposal performance of the PFC exhaust gas 
25 treating apparatus according to the present invention was 
observed. As the PFC exhaust gas treating apparatus, an 
apparatus 10 having a structure shown in Fig. 1 was used. 
As the heat oxidation vessel 20 and the catalytic reaction 
vessel 30, stainless steel mini-columns having an inner 
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of a conventional three-way catalyst. In this manner, a 
combined effect against NO K compounds and hydrocarbons as 
well as particles is provided. NO : . : reduction is provided 
in the stoichiometric case by means of said three-way 
catalyst and in the lean case by means of the NO, : 
adsorbent . 

The invention is not limited to said design as such an 
integrated unit which simultaneously functions as three- 
way catalyst and NO : , adsorbent, but may also be based on 
the fact that the exhaust gas treatment unit comprises 
for example NO, : adsorbing material and is connected to a 
separate unit in the form of a three-way catalyst. 
According to an additional alternative, the exhaust gas 
treatment unit can be formed without either a NO> : 
adsorbent or a three-way catalyst, wherein both these 
functions in that case can be provided by means of 
separate units along the engine's exhaust pipe. Whichever 
specific design is selected in the present application 
depends, for example, on how the space in the present 
vehicle can be utilized. Other factors which determine 
the selection of design are the demands for an acceptable 
heating effect, pressure loss and loss of heat and 
factors regarding the production and the cost. 

According to an alternative embodiment, the engine 1 can 
be connected to a pre-catalyst (not shown) of the three- 
way type. Suitably, the pre-catalyst is provided with a 
comparatively low oxygen storage capacity and is provided 
upstream of the exhaust gas treatment unit 18 and 
preferably comparatively close to the exhaust manifold 
16. in that case, such a pre-catalyst is particularly 
adapted for rapid heating during cold starts of the 
engine 1, i.e. so that its catalytic coating rapidly 
becomes active. This provides a considerable elimination 
of HC, CO, and NO, : compounds in the exhaust gases, 
particularly during low idle flows. Due to the fact that 
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diameter of 27 nun and a height of 500 mm were used. As 
the v-alumina, "Neobead GB-08" (a product of Mizusawa 
Chemical Co., Ltd., Na 2 0 content of not greater than 0.01% 
by weight) having a particle diameter of 0.8 mm and a 
crystal structure which exhibits diffraction lines having 
an intensity of 100 or more at five angles of 33° ± 1°, 37° 
± 1°, 40° ± 1°, 46° ± 1° and 67° ± 1° of the angles of 
diffraction 29 measured by an X-ray diffraction apparatus 
was filled in the catalytic reaction vessel 30 to a height 
of 100 mm (a filled amount of 57 mL) . As the heating 
means for the heat oxidation reaction vessel 20 and the 
catalytic reaction vessel 30, ceramic electric tubular 
furnaces 28 and 32 were used- Within these furnaces, the 
heat oxidation reaction vessel 20 and the catalytic 
reaction vessel 30 were mounted. The temperatures of the 
oxidation reaction zone 20b in the heat oxidation vessel 
20 and the inside of the catalytic reaction vessel 30 were 
measured by thermocouples (not shown in the Figure) 
installed at their center portion. 

The temperature of the oxidation reaction zone 20b 
in the heat oxidation reaction vessel 20 was heated to 
870°C and that of y-alumina in the catalytic reaction 
vessel 30 was heated to 750°C, and CO and CF 4 diluted with 
N 2 as an artificial test PFC exhaust gas and at least 
equimolar amounts of C0 2 an O z were introduced into the 
heat oxidation vessel 20 at a total gas flow rate of 410 
seem. The concentrations introduced were set at CO: 1.24%, 
CF 4 : 1.61%, and Q 2 : 5.6%, respectively, and the flow 
velocity of H a O was set at 0.079 mL/min. 

In order to confirm the disposal performance of the 
present apparatus, concentration of CO, CF 4 , C0 2 , 0 2 and H 2 
in the gas at the outlets of the heat oxidation vessel and 
the catalytic reaction vessel were analyzed by a gas 
chromatograph apparatus equipped with a mass detector 
( "AGS-7000U" , manufactured by Anelva Co., Ltd.). The 
results are set forth in Table 3. 



Table 3 
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the flowing exhaust gases can be heated rapidly by means 
of the pre-catalyst, a comparatively rapid heating is 
also provided for the subsequent exhaust gas treatment 
unit 18, i.e. a comparatively short time that passes 
5 until the exhaust gas treatment unit 18 has been heated 
to a temperature at which it is capable of combusting the 
harmful particles which are separated by means of the 
strip package 19b. This results in an efficient exhaust 
purification for the engine 1, particularly during cold 
10 starts. 

In some cases, e.g. for protecting the material in the 
exhaust gas treatment unit 18 from too high temperatures 
which can occur during some operating conditions, cooling 
15 of the unit may come into question. If so, the 
temperature can be reduced in a number of ways, e.g. by 
means of external cooling. More precis ely, this could b e 
implemented by supplying f or example water or air, which 

in that — case — is — snppi-io^ j-hrrmrft +ho ~^n-t gas 

tr eatment u nit 18. Thi s is not shown in the drawings . An 
additional maimer is to utilize (not shown) cooling 
fl anges in the ex h aust gas treatment unit 18. In thar 
cas^^said^ cooling flanges can be controlled by means of 
b imetals, whirh ras«3rfeg ±« a gysrfcea w hi r h mn b ^ ntiii 7 . PH 
fg r_ temperature control without the need to utilize t he 
control unit 5. -— - — 



20 



25 



30 



An additjxjnal^px^^ the temperature in 

the -exhaust gas treatment unit 10 jj- to aupply cold air, 
for example f rom^aji_Jno t ., n hnwn) ni r pump, into the return 
chambers^24^_Diie_to the effect of the interchange of heat 
which is obtained according to the invention, even small 
amounts of supplied air results in a considerable 
temperature reduction of the gas flow through the exhaus t 
35 gas treatment unit 18. 
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Sampling Point 


Gas at Outlet 


CO(ppm) 


CF 4 (ppm) 


C0 2 (%) 


o 2 (%) 


Hj(ppm) 


At Outlet of Heat 
Oxidation Vessel 


<1 


15400 


1.19 


4.5 


<2 


At Outlet of Catalyst 
Reaction Vessel 


<1 


<1 


2.79 


3.9 


55 



As would be clear from Table 3, at the outlet of the 
heat oxidation vessel, CO was disposed to lower than the 
detection limit (2 ppm) but CF 4 was not removed. At the 
5 outlet of the catalytic reaction vessel, both CF 4 and CO 
were disposed to lower than the detection limit (1 ppm for 
CF 4 and 2 ppm for CO) . Accordingly, it has been confirmed 
that the present apparatus which combines a heat oxidation 
vessel with a catalytic reaction vessel has enabled good 

10 treatment of both CO and CF 4 . 
Comparative. Example 2 

In order to observe the effect of treating CO 
without passing a PFC exhaust gas through the heat 
oxidation vessel, an artificial test exhaust gas and 0 2 

15 and H z O were directly passed through the catalytic 

reaction vessel under the same conditions as in Example 2 
excepting the heat oxidation vessel to carry out a 
comparative example. The results are set forth in Table 4. 





Gas at. Outlet of Catalyst Reaction Vessel 


CO (ppm) 


CF<(ppm) 


co 2 (%) 


o 2 (%) 


H 2 (ppm) 


Example 2 


<1 


L <x 


2.79 


3.9 


55 


Comparative 
Example 2 


3700 


<1 


2.42 


4.1 


39 



As would be clear from Table 4, although the 
disposal of CF 4 was possible only by the catalytic 
reaction vessel, CO removal ratio was as low as 70%, and 
25 CO could not be disposed to lower than the tolerance 
concentration . 

From the above described Examples and Comparative 
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The supplied cold air can be non-compressed or 
compressed. According to one solution, the supplied air 
can be constituted by compressed air which is taken from 
the induction pipe of the engine, preferably after a (not 
5 shown) compressor forming part of a (not shown) turbo- 
aggregate. Alternatively, the cold air can be constituted 
by exhaust gases which are guided out from the exhaust 
manifold of the engine (before the turbo-aggregate) and 
which are cooled down (e.g. by means of a suitable form 
10 of after-treatment) . 

The main principle for external cooling is to carry off 
heat from the rej^rn^chambers 27, 28 essentially without 
any mass exchange. During^-^^^ the heat that is 

15 present will be "diluted" and the temperature drops by 
means of supply of cold gas into the flow. In both cases, 
the principle of exchange of heat functions as a step-up 
exchange and results in a considerable enhanced effect as 
regards the temperature. 

20 

By means of an arrangement of the above-mentioned kind, 
an effective control of the temperature of the gas flow 
is obtained, so that said gas flow can be controlled and 
adjusted to a value which is optimally adjusted to the 

25 prevailing operating condition. This is particularly 
achieved by means of the fact that the design of the 
exhaust gas treatment unit 18 provides a satisfying heat 
transmission and a catalytic effect by means of a 
satisfying contact between the flowing gas and the walls 

30 in the exhaust gas treatment unit 18. 

In order to facilitate the temperature control of the 
invention, the invention can comprise a (not shown) 
temperature sensor which is provided in connection with 
35 the exhaust gas treatment unit 18. In that case, such a 
temperature sensor can be connected to the control unit 5 
via an electrical connection and deliver a measurement 
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Examples, it could be understood that the use of the gas 
treating apparatus according to the present invention 
which comprises a heat oxidation vessel and a v- alumina ~ 
filled catalytic reaction vessel enables efficient 
treatment of a gas containing CO and fluorine -containing 
compounds . 

According to the present invention, a gas containing 
fluorine-containing compounds and CO can be disposed to 
carry out oxidation of CO and decomposition of the 
fluorine-containing compounds efficiently and 
simultaneously, whereby the running cost becomes low and 
effective treatment becomes possible. 

According to the^present invention, treatment with 
each different catalyst, heating vessels to fill different 
catalysts, control of the treating temperature for each 
heating vessel and a wide space for installing apparatuses 
are not needed in treating a gas containing fluorine- 
containing compounds and CO, and the temperature control 
is rendered easy. 

Further, since the use of different catalysts each 
having a different life is not required, the control of 
the catalyst is rendered easy- Furthermore, no specific 
catalyst for removing CO is necessary, and thus the 
running cost such as the expense in an periodical exchange 
of the catalyst can be lowered. 
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value which corresponds to the prevailing temperature of 
the exhaust gas treatment unit 18. In that case, said 
measurement value can be utilized during the control of 
an increase and a reduction, respectively, of the 
5 temperature of the exhaust gas treatment unit 18, 
according to the methods which in turn have been 
explained above. In this manner, an accurate control of 
the temperature of the exhaust gas flow is provided. It 
is in particular suitable to utilize information 

10 regarding the temperature in the respective return 
chamber 27, 28, but information regarding the temperature 
in other parts of the exhaust gas treatment unit 18 may 
also be of interest. In such a case, more than one 
temperature sensor can be utilized for determinating the 

15 temperature in a corresponding number of points. 

However, it shall be emphasized that the invention is not 
limited to merely the type of system which comprises such 
a separate temperature sensor, but the invention can also 
20 be realized by letting the control unit 5 comprise a 
program with a calculation model which predicts the 
temperature of the exhaust gas treatment unit 18 during 
various operating conditions with a satisfying accuracy. 

25 The invention can be formed in order to prevent clogging 
of carbon and similar particles, i.e. in order to provide 
a high degree of f iltrat ion" even after some time of use. 
This can be obtained by means of optimization of various 
parameters, e.g. the geometric design of the exhaust gas 

30 treatment unit 18, i.e. its length, width and height. 
Furthermore, the form and wave height of the corrugations 
20 - as well as the distance between two adjacent 
corrugations - can be adjusted in order to prevent such 
clogging. In this regard, the control of the engine 1 can 

35 also be optimized. 
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WHAT IS CLAIMED IS: 

1. A process for treating a gas containing fluorine- 
containing compounds and CO which comprises contacting the 
above described gas with 0 2 and H 2 0 at a temperature of 
850°C or higher to oxidize the CO to C0 2 ; and then 
contacting the gas with y-alumina at a temperature of 600- 
900°C to decompose the fluorine-containing compounds. 

2. The process of claim 1, wherein the v-alumina has a 
crystal structure which exhibits diffraction lines having 
an intensity of 100 or more at five angles of 33° ± 1°, 37° 
± 1°, 40° ± 1°, 46° ± 1° and 67° ± 1° of the angles of 
diffraction 20 measured by an X-ray diffraction apparatus. 

3 . An apparatus for treating a gas containing fluorine- 
containing compounds and CO which comprises a heat 
oxidation vessel having a hollow inside enabling the 
passage of the above described gas therethrough, a heating 
means capable of heating the temperature of the gas in the 
hollow inside to 850°C or higher, a gas inlet r an O z inlet 
and H a O inlet; and a catalytic reaction vessel which is 
under fluid- communicating condition with the heat 
oxidation vessel and has been filled with Y~alumina. 

4 . The apparatus of claim 3 , wherein the catalytic 
reaction vessel further has a heating means capable of 
heating the y-alumina to 600 to 900°C. 

5. The apparatus of claim 3, wherein the y-^l uinina ** as 
a crystal structure which exhibits diffraction lines 
having an intensity of 100 or more at five angles of 33° ± 
1°, 37° ± 1°, 40° ± 1°, 46° ± 1° and 67° ± 1° of the angles 
of diffraction 29 measured by an X-ray diffraction 
apparatus . 

6. The apparatus of claim 3, wherein the heat oxidation 
vessel further has a contact auxiliary means for enhancing 
the contact efficiency of the CO in the gas with 0 2 and H 2 0 

7. The apparatus of claim 4, wherein the heat oxidation 
vessel further has a contact auxiliary means for enhancing 
the contact efficiency of the CO in the gas with 0 2 and H 2 0 

8. The apparatus of claim 5, wherein the heat oxidation 
vessel further has a contact auxiliary means for enhancing 
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Furthermore, the invention can be optimized in order to 
provide a lowest possible pressure loss. This can take 
place by means of an adjustment of the geometric 
construction of the exhaust gas treatment unit 18, i.e. 
5 its length, width and height. 



The invention is not limited to the embodiment which is 
described above and shown in the drawings, but may be 
varied within the scope of the appended claims. For 
10 example, the> strip 19a can Jge_jiiajau£ac^^ 

me tal plate or foil, e.g. b y rustless steel. This metal 
Plata_£ir — £oii — c&n — be — coated — w ith — the — afeew^mentioned 
cat^iyfeic — material . Altern atively, — the — s-fcxi p 19a n an 
c onsist o f a ceramic material whi ch in that case has been 
15 impregnated or coated with the ral-aiyHV m aj^rial. 
Furthermore, the material can alternatively be 
manufactured in the form of thin sheets or similar 
elements, which in that case are arranged in a package 
and subsequently are joined together along the edges so 
that the above-mentioned strip package 19a is formed. 



20 



If the exhaust gas treatment unit 18 comprises materials 
which provide the function of a three-way catalyst and a 
N0 : , adsorbent, respectively, these materials can be 

25 arranged in various ways. For example, said materials can 
be situated on various areas along the exhaust gas 
treatment unit 18. For example, the inlet part of the 
exhaust gas treatment unit 18 can function as a three-way 
catalyst whereas the inner parts of the exhaust gas 

30 treatment unit 18 functions as a NO : , adsorbent. In that 
case, by means of a suitable design, the above-mentioned 
pre-catalyst 32 can also be eliminated. 

The inlet and the outlet, respectively, of the exhaust 
35 gas treatment unit 18 can be positioned according to what 
has been explained above, i.e. essentially centrally on 
the respective side wall 24c, 24d. Alternatively, it is 
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possible to position the inlet and the outlet displaced 
towards either direction along the respective side wall. 
For example, this displacement can be of such a distance 
that the inlet will be situated right up in one end of 
the strip package. In such a case, only one return 
chamber is utilized. 

The invention is not limited for utilization in * 
connection with merely diesel engines, but can in 
principle be applied in all types of combustion processes 
where particles in the form of, for example, carbon are 
present in the exhaust gases from engines which at least 
periodically are operated by a surplus of oxygen. 

r 

Generally, the invention is not limited for utilization 
in connection with motor vehicles, but may be applied in 
other connections where there is a demand for filtering / 
V_ particles in a gas flow. / 
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PROCESS AND APPARATUS FOR TREATING GAS CONTAINING 
FLUORINE -CONTAINING COMPOUNDS AND CO. 
ABSTRACT OF THE DISCLOSURE 

The purpose of the present invention is to provide a 
5 process and an apparatus for efficiently treating a gas 
containing fluorine- containing compounds and CO to be 
discharged, for example, from the step of dry cleaning the 
inner surfaces and the like of a semiconductor 
manufacturing apparatus or the step of etching various 

10 types of formed films such as oxide films in the 

semiconductor industry. In order to accomplish the above- 
mentioned purpose, the gas treating process according to 
the present invention is a process for treating a gas 
containing fluorine-containing compounds and CO which 

15 comprises contacting the above described gas with 0 2 and 
H 2 0 at a temperature of 850°C or higher to oxidize the CO 
to C0 2 ; and then contacting the gas with y alumina at a 
temperature of 600 to 900°C to decompose the fluorine- 
containing compounds. 
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CLAIMS : 

5 

1. Method for treatment of a gas flow, comprising: 

guiding the gas flow through a gas treatment unit 
(18) adapted for filtering particles in said gas flow, 
and 

10 eliminating said particles in said gas treatment unit 

(18), 

characterized in that it comprises: 

filtering particles in said gas flow by accumulating 
said particles in, or in connection with, a number of 
15 ducts (21) forming part of the gas treatment unit (21) 
during passage of the gas flow through the gas treatment 
unit (18), 

controlling the temperature of said gas flow along 
said ducts (21) to a value which provides combustion of 
20 said particles, and 

eliminating said filtered particles in said gas 
treatment unit (18) by means of combustion in said ducts 
(21) . 

2. Method according to claim 1, 

characterized in that said temperature 
control of said gas flow takes part by means of exchange 
of heat between the ducts (21), wherein the ducts (21) 
are connected to an inlet and an outlet, respectively, of 
the gas treatment unit (18) so that the gas flow takes 
part during exchange of heat between incoming and 
outgoing flows of said gas flow. 

3. Method according to claim 1 or 2, wherein said gas 
flow is constituted by a flow of exhaust gases from a 
combustion engine (1), 



25 



30 



Fig. 1 
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characterized in that said temperature 
control of said gas flow takes place by means of at least 
one of the following measures: 

i) controlling the injection time and the ignition 
5 sequence of said engine (1) so that an increased gas 

temperature is obtained, 

ii) controlling said engine (1) wherein additional 
injection of fuel is made during the exhaust stroke of 
the engine , 

10 iii) controlling said engine (1) periodically between 

rich and lean operation, 

iv) injecting air from an external source and into 

the exhaust gas treatment unit (18) during rich operation 

of the engine (1) , 
15 v) controlling the cylinders individually, wherein 

the exhaust gases from one or some of the cylinders of 

the engine (1) are operated in a rich manner whereas the 

remaining cylinders are operated in a lean or 

stoichiometric manner, 
20 vi) supplying heat through a heater element (31) 

which is provided in the exhaust gas treatment unit (18), 

vii) injecting fuel in the exhaust gases after the 
engine (1) , 

viii) oxidizing uncombusted hydrocarbons in said 
25 exhaust gas treatment unit (18) . 

4. Method according to any of- the preceding claims, 
characterized in that said filtering is 
made by means of surface filtering in said exhaust gas 

30 treatment unit (18) . 

5. Method according to any of claims 1-3, 
characterized in that said filtering is 
made by means of deep filtering in said exhaust gas 

35 . treatment unit (18) . 
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6. Method according. to any of claims 1-3, 
characterized in that said filtering is 
made by means of an electric filter, wherein said 
accumulation of particles takes place on an earthed 

5 element in said exhaust gas treatment unit (18) . 

7. Method according to any of claims 1-6, 
characterized in that said filtering is 
made during turbulent flow of said gas, for mixture of 

10 said gas. 

8. Method according to any of the preceding claims, 
characterized in that it comprises 
reducing undesired emissions in said gas flow by means of 

15 a catalytic coating in said ducts (21) . 

9. Method according to claim 8, 

characterized in that it comprises 
reducing N0> : compounds in "said gas flow by means of said 
20 catalytic coating. 

10. Method according to any of the preceding claims, 
characterized in that it comprises 
determinating a measure regarding the temperature of said 

25 exhaust gas treatment unit (18) by means of at least one 
separate temperature sensor which is provided in 
connection with the exhaust gas treatment unit (18), 
wherein said measure is utilized during said control of 
the temperature. 

30 

11. Method according to any of claims 1-9, 
characterized in that it comprises 
determinating a measure regarding the temperature of said 
exhaust gas treatment unit (18) by means of calculation 

35 models which are defined beforehand and which define a 
relationship between said temperature and the prevailing 
operating condition of the engine (1), wherein said 




APPARATUS AND METHOD FOR PRETREATING EFFLUENT GASES 

IN A WET ENVIRONMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates to an effluent gas treatment, and more particularly, 
to an apparatus and a method for pre-treating effluent gases from a semiconductor or 
LCD device manufacturing process in a wet environment. 

BACKGROUND OF THE INVENTION 

[0002] The effluent gases from semiconductor and LCD device manufacturing 
processes, such as low pressure chemical vapor deposition, plasma enhanced chemical 
vapor deposition and plasma etch, may contain toxic, corrosive or explosive gases, 
such as silane SiH 4 , arsine AsH 3 , phospine PH 3 , diborane B 2 H 6 , tetraethoxysilan 
(TEOS) Si(OC 2 H 5 ) 4 , ammonia NH 3 , boron trichloride BC1 3 , chlorine Cl 2 , sulfur 
hexafluoride SF 6 , hexa-fluoro ethane C 2 F 6 and carbon tetra-fluoride CF 4 . Therefore, 
the effluent gases from these manufacturing processes must be properly treated, before 
they are released into the open atmosphere. 

10003] Particularly, perfluoro-compound (hereinafter "PFC") gases such as C 2 F 6 and 
CF 4 , which are used to clean a CVD process chamber, are known to make significant 
contributions to global warming because they absorb infrared light and remain in the 
atmosphere for an extended period of time. Therefore, the reduction of PFC gas 
emissions is an issue in the semiconductor and LCD industries. In order to address 
this issue, another PFC gas, NF 3 , was introduced as an alternative for CVD chamber 
cleaning applications. 
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measure is utilized during said control of the 
temperature, 

12. Method according to any of the preceding claims, 

5 characterized in that said control of the 
temperature of said gas flow takes place by means of a 
particular control of the composition of said gas flow. 

13. Device for treatment of a gas flow, comprising a gas 
10 treatment unit (18) adapted for filtering particles in 

said gas flow and for eliminating said particles, 
characterized in that said gas treatment 
unit (18) is provided with a number of ducts (21) for 
filtering by means of accumulation of said particles in 
15 said ducts (21) during passage of the gas flow through 
the gas treatment unit (18), and that the gas treatment 
unit (18) is adapted for controlling the temperature of 
said gas flow to a value, which provides combustion of 
said particles along said ducts (21) . 

20 

14. Device according to claim 13, 

characterized in that the ducts (21) are 
connected to an inlet and an outlet, respectively, of the 
gas treatment unit (18) so that the gas flow takes place 
25 during interchange of heat between incoming and outgoing 
flows of said gas flow. 

15. Device according to any of claims 13 or 14, 
characterized in that said exhaust gas 

30 treatment unit (18) is adapted for surface filtering of 
particles. 

16. Device according to any of claims 13 or 14, 
characterized in that said exhaust gas 

35 treatment unit (18) comprises a structure for deep 
filtering of particles. 




[0004] NF3 has higher utilization efficiency in cleaning the process chamber than the 
other PFC gases mentioned above, and rarely generates PFC by-products during the 
cleaning. Since a method called remote NF3 chamber cleaning method is known to 
increase the utilization efficiency of NF3 and reduce PFC gas emissions, NF3 has 
drawn a lot of attention in the semiconductor and LCD industries. However, 
considering the rapid growth of the semiconductor and LCD industries, the amount of 
NF3 used in the cleaning of the CVD chamber is expected to significantly increase, and 
the proper treatment of NF3 will become a critical issue. Since NF3 itself has high 
utilization efficiency and decompose almost entirely, the solution to this issue lies in 
treating the corrosive gases, such as F or F 2 , generated by the decomposition of NF 3 . 
[0005] The methods that can be used to solve this problem may be classified into three 
categories: a wet method in which water-soluble components contained in the 
effluent gases are removed by dissolving the water-soluble components with water; a 
burning method in which inflammable components of the effluent gas are treated by 
decomposing or burning them at high temperatures; and an adsorption method in 
which components that do not burn or are not water-soluble are removed by 
chemically or physically adsorbing those components through adsorbents. 
Commercially available systems for treating effluent gases usually employ the 
combination of the burning method and either the wet method or the adsorption 
method in view of the safety and cost, rather than employ only one method out of the 
three methods mentioned above. Particularly, effluent gas treatment systems 
employing the combined method of the wet method and the burning method 
(hereinafter "burning-wet treatment system") are widely used to treat effluent gases. 
[0006] In the burning-wet treatment system, the effluent gas goes through a burning 
treatment and subsequent wet treatment. The burning treatment burns the 
inflammable components contained in the effluent gas. The wet treatment separates 
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17. Device according to any of claims 13 or 14, 
characterized in that said exhaust gas 
treatment unit (18) comprises en electric filter for 
ionization of said particles, and an earthed element in 

5 said exhaust gas treatment unit (18) for eliminating said 
particles . 

18. Device according to any of claims 13-17, 
characterized in that the gas treatment 

10 unit (18) is adapted for generating a turbulent flow for 
mixing said gas. 

19. Device according to any of claims 13-18, 
characterized in that the exhaust gas 

15 treatment unit (18) comprises a catalytic coating in said 
ducts (21) for reducing undesired emissions in said gas 
flow. 

20. Device according to any of claims 13-19, 

20 characterized in that it comprises at 
least one temperature sensor which is provided in 
connection with the exhaust gas treatment unit (18), for 
determinating the temperature of said exhaust gas 
treatment unit (18) . 

25 

21. Device according to any of claims 13-20, 
characterized in that said exhaust gas 
treatment unit (18) comprises a strip (19a) which is 
folded into a package (19b), by means of which said ducts 

30 (21) are formed. 



the silicon oxide powder produced during the burning treatment and removes the 
water-soluble components of the effluent gas by spraying water onto the effluent gas. 
[00071 However, the burning-wet treatment system still has the problems of powder 
clogging and corrosion, like other types of effluent gas treatment systems. That is, 
when the effluent gas discharged from the CVD chamber is introduced into the effluent 
gas treatment system, fine powder contained in the effluent gas gradually adsorbs onto 
the walls of the chamber for burning treatment, the exhaustion pipe or duct, which 
results in powder clogging. The powder clogging necessitates frequent maintenance 
of the effluent gas treatment system. Moreover, corrosive gases, such as F or F 2i 
contained in the effluent gas easily stick to the walls of the exhaustion pipe or duct and 
erode the walls, which shortens the life span of the effluent gas treatment system. 
The increase in maintenance and reduction of the life span of the effluent gas treatment 
system directly affect the manufacturing costs of semiconductor or LCD devices. 
[0008] In order to solve these problems, a wet pre-treatment system has been 
introduced that removes the corrosive gas or fine powder contained in the effluent gas 
before the effluent gas enters the effluent gas treatment system. Effluent gas 
treatment systems employing a wet pre-treatment unit are disclosed in USP 5,955,037 
to Mark Hoist et al. and USP 5,649,855 to Hiroshi Imamura. USP 5,955,037 relates 
to an effluent gas treatment system that includes a wet pretreatment unit for removing 
the fine particulates and acidic gas contained in the effluent gas before the effluent gas 
is introduced into an oxidation chamber. The wet pre-treatment unit disclosed in USP 
5,955,037 comprises a wet spray tower, which separates and removes the particulates 
by adsorbing the fine powder of the effluent gas onto water droplets or water vapor to 
facilitate the agglomeration of the particulates. In detail, water droplets are 
downwardly introduced into the spray tower through a spray nozzle provided at the 
upper portion of the spray tower, while the effluent gas is upwardly introduced into the 
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spray tower through an inlet provided at the lower portion of the spray tower. The 
effluent gas flowing upward in the wet spray tower counter-currently contacts the 
water droplets to effect initial abatement of fine powder and the acidic gas. Although 
the wet spray tower is cheap to install and maintain, easy to fix, and has little pressure 
loss, the short contact time between the water droplets and the effluent gas is 
problematic to effect a sufficient abatement of fine powder and corrosive gas. 
[0009] USP 5,649,985 relates to a method for effectively removing the harmful 
substances of exhaust gas discharged during a semiconductor device manufacturing 
process, and discloses a water scrubber, located upstream of a thermal decomposition 
unit, for removing at least one of the water-soluble components, hydrolysable 
components and dust contained in the exhaust gas by water-scrubbing. Especially, 
USP 5,649,985 describes a water scrubber composed of a spray tower and a venturi. 
The venturi has an upwardly flared portion, a throat portion and a downwardly flared 
skirt portion. The exhaust gas introduced into the flared portion of the venturi is pre-- 
treated with high-pressure water mist sprayed from the spray nozzle provided on a 
ceiling of the flared portion. Since the high-pressure water mist is compressed into a 
high-speed flow in the throat portion, and the water mist and the effluent gas flow in 
the same direction, highly effective contact between the water and the effluent gas can 
be achieved. 

10010] The contact between the water mist and the effluent gas removes the water- 
soluble components and hydrolysable components and dust from the effluent gas by 
dissolution or hydrolysis. Although the composite water scrubber disclosed in USP 
5,649,985 can achieve high treatment efficiency, the pressure drop at the throat due to 
the fast flow of the water and the effluent gas is a problem. The pressure drop in the 
water scrubber hinders the effluent gas, thermally decomposed at the downstream 
oxidation chamber, from discharging out of the oxidation chamber. In order to easily 
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exhaust the thermally decomposed gas out of the oxidation chamber, the effluent gas 
treatment system disclosed in USP 5,649,985 also comprises an exhaust fan. 
However, the addition of the exhaust fan increases the manufacturing cost of the 
effluent gas treatment system. 

SUMMARY OF THE INVENTION 

[0011] Therefore, an objective of the present invention is to provide a wet pre- 
treatment apparatus for inexpensively and efficiently pre-treating effluent gases from 
semiconductor or LCD device manufacturing processes. 

[0012] Another objective of the present invention is to provide a wet pre-treatment 
apparatus for removing water-soluble components contained in the effluent gases, 
thereby reducing the treatment burden of the effluent gas treatment system. 
[0013] Still another objective of the present invention is to provide a wet pre-treatment 
apparatus for removing fine powder produced in the semiconductor or LCD device 
manufacturing processes, thereby preventing the powder clogging in the effluent gas 
treatment system. 

[0014] Still another objective of the present invention is to provide a wet pre-treatment 
apparatus for removing corrosive substance such as F2 generated during the cleaning of 
a CVD chamber, thereby minimizing corrosion of the effluent gas treatment system. 
[0015] Still another objective of the present invention is to provide a method for pre- 
treating water-soluble components and fine powder contained in the effluent gas using 
a wet pre-treatment apparatus employing cyclone effect. 

[0016] In accordance with one aspect of the present invention, an apparatus for pre- 
treating an effluent gas in a wet environment upstream of an effluent gas treatment 
system is provided which comprises an atomizer for atomizing a reagent, and a 
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processing section comprising an inner tubular member and an outer tubular member. 
The processing section includes an effluent gas inlet for introducing the effluent gas 
into the processing section and an atomized reagent inlet for introducing the atomized 
reagent into the processing section. The effluent gas is pre-treated by the atomized 
reagent within the processing section. The processing section further includes an 
effluent gas outlet for discharging the effluent gas pre-treated by with the atomized 
reagent and a waste liquid outlet for discharging a waste liquid produced by the pre- 
treatment. 

[0017] In accordance with another aspect of the present invention, a multi-unit wet 
pre-treatment apparatus comprising a plurality of wet pre-treatment units is provided to 
pre-treat effluent gas streams from a plurality of process chambers of semiconductor or 
LCD manufacturing tools. 

[0018] In accordance with still another aspect of the present invention, a method for 
pre-treating an effluent gas in a wet environment before the effluent gas enters an 
effluent gas treatment system is provided which comprises the steps of introducing the 
effluent gas into a processing section; introducing an atomized reagent into the 
processing section; pre-treating the effluent gas with the atomized reagent in the 
processing section by using cyclone effect to produce a pre-treated effluent gas and a 
waste liquid; discharging the pre-treated effluent gas through an effluent gas outlet; 
and discharging the waste liquid through a waste liquid outlet. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] The above and other objects and features of the present invention will become 
apparent from the following description of the embodiments given in conjunction with 
the accompanying drawings. 
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Fig. 1 is a schematic diagram of a wet pre-treatment apparatus in accordance 
with an embodiment of the present invention. 

Fig. 2 is a schematic diagram of a wet pre-treatment apparatus in accordance 
with another embodiment of the present invention. 

Fig. 3 is a schematic diagram of a multi-unit wet pre-treatment apparatus in 
accordance with another embodiment of the present invention. 

Fig. 4 illustrates test results on ammonia removal efficiency of the wet pre- 
treatment method in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0020] Referring to Fig. 1, wet pre-treatment apparatus 10 of the present invention 
comprises processing section 20 designed to pre-treat the effluent gas using a cyclone 
effect and atomizing spray nozzle 15. Wet pre-treatment apparatus 10 of the present 
invention is constructed to have effluent gas inlet 11, reagent inlet 12, effluent gas 
outlet 21 for discharging the wet pre-treated effluent gas and waste liquid outlet 31 for 
draining waste water containing the fine powder and water-soluble components 
removed from the effluent gas. 

[0021] Processing section 20 of wet pre-treatment apparatus 10 utilizes a cyclone 
effect where the centrifugal force of swirling fluids separates solid particulates or 
liquid droplets dispersed in the fluids. Water-soluble constituents and fine powder are 
separated from the effluent gas by spraying the reagent onto the effluent gas swirling 
inside processing section 20. Processing section 20 comprises inner tubular member 
19 and outer tubular member 10a, where outer tubular member 10a has upper 
cylindrical portion 17 and lower conical portion 18. Thus, processing section 20 of 
wet pre-treatment apparatus 10 has the general shape of an upside bottle down. 
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Connector 17a provided at the top of upper cylindrical portion 17 connects inner 
tubular member 19 and outer tubular member 10a. Waste liquid outlet 31 is installed 
at the bottom of lower conical portion 1 8. The length of outer tubular memberlOa 
increases the contact time between the effluent gas and the reagent. However, the 
length of outer tubular member 10a must be adjusted to maximize the cyclone effect. 
[0022] Inner tubular member 19 has the general shape of a funnel, comprised of an 
upper cylindrical portion, a tapering portion following the upper cylindrical portion 
and a lower cylindrical portion following the tapering portion. Effluent gas outlet 21 
is installed at the top of inner tubular member 19. Connector 19a for connecting 
inner tubular member 19 and outer tubular member 10a is provided right below the 
tapering portion of inner tubular member 19. Inner tubular member 19 extends to the 
lower end of upper cylindrical portion 17 of outer tubular member 10a so that even 
when the reagent is sprayed widely in the longitudinal direction by atomizing spray 
nozzle 15, the pre-treated effluent gas does not contact the reagent again before being 
discharged through effluent gas outlet 21 . By interconnecting connector 1 7a and 
connector 19a, inner tubular member 19 and outer tubular member 10a are 
interconnected. The interconnection is made with, for example, a clamp to allow an 
easy maintenance of the wet pre-treatment apparatus in case of powder clogging. A 
part of inner tubular member 19 projected into outer tubular member 10a is shown by 
the broken lines in Fig. 1, and the detailed structure of the interconnection is not shown 
in the drawings for clarity. 

[0023] Effluent gas inlet 1 1 for introducing the effluent gas discharged from an 
upstream main chamber for CVD is installed at the outer wall of upper cylindrical 
portion 1 7 of outer tubular member 1 0a. Effluent gas inlet 1 1 is constructed so that 
the effluent gas is introduced perpendicular to the normal direction of upper cylindrical 
portion 17 of outer tubular member, i.e., tangential to the outer wall of upper 
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cylindrical portion 17 of outer tubular member 10a. Effluent gas inlet 1 1 and reagent 
inlet 12 are constructed so that the effluent gas and the reagent flow concurrently 
inside processing section 20, which would maximize the cyclone effect by allowing the 
effluent gas and the reagent to rotate in the same direction. Reagent inlet 12 is 
arranged above effluent gas inlet 11 to improve the pre-treatment efficiency of the 
effluent gas. 

[0024] Atomizing spraying nozzle 15 for atomizing the reagent in order to increase the 
pre-treatment efficiency is installed at reagent inlet 12. Two inlet pipes 13 and 14, 
one for a gas and the other for the reagent, are connected to atomizing spray nozzle 15 
in a direct compressing way. The inlet pipes are respectively provided with valves 
13a and 14a to control the flow of the gas and reagent. The distal end of nozzle 15 
extends into reagent inlet 12 so that atomized reagent 16 is sprayed into processing 
section 20 to react with the effluent gas. 

[0025] Dehumidifier 23 is installed above effluent gas outlet 21 arranged at the top of 
inner tubular member 19 of processing section 20. Dehumidifier 23 and inner tubular 
member 19 of processing section 20 are connected by coupling effluent gas outlet 21 
with dehumidifier inlet 22. Coupling effluent gas outlet 21 and dehumidifier inlet 22 
with a clamp is preferable. Dehumidifier 23 is a cylindrical pipe interconnecting 
effluent gas outlet 21 of wet pre-treatment apparatus 10 and the effluent gas treatment 
system (not shown), the outer wall of which is uniformly heated by heater 24. 
Compressed gas provider 25 is installed at dehumidifier 23 to introduce compressed 
gas into dehumidifier 23. Compressed gas provider 25 is preferably arranged so that 
the compressed gas injected into dehumidifier 23 reaches an inlet of the effluent gas 
treatment system. Compressed gas provider 25 includes gas pipe 26 and valve 26a 
interlocked therewith. The inlet of the effluent gas treatment system, the effluent gas 
treatment system and a reservoir are not illustrated in the drawings for clarity. 
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[0026] Coating portions of the wet pre-treatment apparatus and the pipe that contact 
the corrosive effluent gas with a polymer, e.g. a fluorine resin such as TEFLON™ to 
prevent the corrosion is preferable. 

[0027] The wet pre-treatment method of the effluent gas using wet pre-treatment 
apparatus 10 in accordance with the present invention shall be explained in detail 
below. 

[0028] The effluent gas generated from the manufacturing processes of semiconductor 
or LCD devices is introduced into the wet pre-treatment apparatus of the present 
invention through effluent gas inlet 11 with the introduction direction thereof being 
tangential to the outer wall of upper cylindrical portion 17 of outer tubular member 10a. 
Atomized reagent 16 for pre-processing the effluent gas is introduced into wet pre- 
treatment apparatus 10 through reagent inlet 12 provided at the outer wall of upper 
cylindrical portion 17 of outer tubular member 10a with the introduction direction 
being tangential to the outer wall of upper cylindrical portion 17. As described above, 
the atomized reagent flows concurrently with the effluent gas. 
[0029] The reagent used in wet pre-treatment apparatus 10 in accordance with the 
present invention includes neutral water, tap water, diluted solution of NaOH or 
CaOH 2 , and electrolyzed water. The reagent is fed into atomizing spray nozzle 1 5 
through reagent inlet pipe 14. When neutral water is used as the reagent, neutral 
water is introduced into nozzle 15 at a flow rate of about 100 to 500 cc/min, or more 
preferably 200 to 500cc/min. Since the preferred flow rate of neutral water is less 
than 500cc/min, wet pre-treatment apparatus 10 in accordance with the present 
invention can minimize the amount of waste-water while enhancing the treatment 
efficiency of the effluent gas. Therefore, the wet pre-treatment method in accordance 
with the present invention is environmentally friendly, reduces reagent usage, and 
lowers the manufacturing costs of semiconductor or LCD devices. 
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